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1. Basics
1-1 Review of Lagrangians

L =K.E. -V
Classical Field theory
o ¢
L(QZ:QZat) = L(Qbaa—%:xu)

d [ OL oL __ 0 oL oL __
at (%) “oa =0 € &, (awwaxu)) ~ 95 = 0

L = K.E. + Mass + Interaction (F-B, B-B)

Fields K.E.(and B-B) Mass
Fermion i) Oy —map)
Complex Scalar (0*d)*(Due) —m2¢*¢

¢ = E(% + i¢2)

Aberian Boson — 2 Fu FH +im?BIB,
Fi = 9hBY — 9V BW

Non-Aberian Boson ——2W,,, Wi +imPWE W,
Wi = QWY — YV H
+9farc W, WY

Intercation F-B is described as OQyyHp A,



1-2 Local Gauge Invariance

Under the transformation, ¢'(z) = ¢y (z)
' (x) = ¥ (x) holds.
For a massive fermion in a free potential
£ = iy Oyap—miyp
mass term is invariant
b = eDp(z), P = e ()
K.E. term is not invariant
oY — @9 4 (x) + ie!*®) P a(x)

Introduce covariant derivative D, which
transforms in the same way as ¢ itself

D, — eia(w)DM
D, =0, —1ieA,
A, — A+ %8,@4(:1:)

L= i@v“D,ﬂp — m_@Zv,b
= Wy Oup — mipp+

By requiring the local gauge invariance,
a new vector field emerges !!!



1-3 Lagrangian of mass-less
unphysical fields in SM

Fermions in SM

L:(l/;) M c:
L

X 3 generations

Q — ( “ > uRadR
d L
Charges
Q=15+
Q) is electric charge
T is isospin
fermion Q T k!
Vel 1/2 1/2
er, -1 1/2 -—-1/2
ur, 2/3 1/2 1/2
dr, -1/3 1/2 —-1/2
ER —1 0 0
UR 2/3 0 0
dr —1/3 0 0



fSM = L7 €R, Q, UR, dR

LFerm = Z if’)/'uDMf
fsm
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1-4 Lagrangian of mass-less
physical fields in SM

Lrerm = Z ngff_'y'quu

f=Ve’e’u’d

+ > COS@ (T? — Qg sin® 0u) fLyv* fLZ,

f=ve,eu,d

+ ) cose (—QySin 0u) Fry" fry

f=eu,d

2 _
P2 (aydr, + Tery'er) W,

LV

>, - _ _
g—(dL'VM'UJL + eryHver)WH

T

g3 _
+ Z EA?iQQaW’MQBGZ

q=u,d

where
Wt = (=W +iWw?)/V/2
W= (=W —-iw?)/V?2

WO =_—_w3
,L . cosf, Sinfd, B,
Z, ] — \ —sinf, cosb, Wy
sin 0, = —& COSfy = L =22 _ gsin?4p, = 0.

Va2 +g2' Vet T N a+a



2. Why we need Higgs in SM

2-1 Where is mass ?

If mass terms were added by hand.....

In U(1) gauge transformation, A" — A* + %@La(a})

the mass term %mQA“AM Is not invariant clearly.

In the case of a SU(2) fermion, current term is
Pyp = ryipr + dryY* YR
On the other hand the mass term is
mpp = m(PrYr + bripr)
which contains only doublet but not singlet,

therefore breaks SU(2) invariant Lagrangian.

We need a gaugde invariant Lagrangian
which generates masses of fermions
and physical gauge bosons !l
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Higgs Boson:Keyboards

Higgs Boson is a classically trained Jazz pianist with a taste for rock and pop music. His
influences are far and wide, ranging from Debussy to Pink Floyd and Dave Grusin to
Chick Corea.
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i3 - Wavestation AD / Alesis D4 / E111 Sampler / Akai S1000 / TG100 / Emu Proteus 1/
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Email Higgs Boson:- hboson@enterprise.net
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2-2 Introduce Higgs Lagrangian

»CHz'ggs — (DM¢)T(DM¢) - V(¢)
where V(o) = p?¢i¢p + MopTg)?

(T ot = \%(cbl-l-icbz)
= ( #° ) # = L(gs+iga)

o'p = L(¢2 + #3 + 32 + ¢2)

In —p2 < 0, find ¢T¢p where V(¢) becomes minimum

2

0 _ - —
50 = 12+ 20616 = 0, ¢hdo = — 45

Choose ¢g so that it satisfies electric charge
conservation ¢1 = ¢o = ¢3 = 0,4 = v

0 ;
¢0:%<v> . then ¢hdo = 5 = —4

Expand around ¢g so that Higgs field, and
week gauge bosons can have correct mass terms

0@ =% o100 )



2-3 Generate week boson mass

Out of (D,¢)T(D*¢) — V(¢) , relevant terms are

Y Y o
¢'  ig1—=By -I—zgz W@ ig1—By +iga=W, | ¢
2 2 2
1 ’ +1H— V22 2 H
= |\ 392 W, TWH™ + 5(91 +93) 2,2
g3v L 5 2
+7HW:—WM_ + Z(gl + g93)vHZ,Z"

2
1
—|—%2HHW,]LW“_ + 591 + 92) HHZ,2"

= My WIWH + MzZ2,2"

M2
+go My HW,FWH- 4 J27 P HZ,Z"
2 My

92
— 22 __HHZ,Z"

2
g> 4+ _
~HHWTWH#

T 4 H T 8 cos246,,

HWW > HZZ >> HHWW > HHZZ



2-4 Generate fermion mass

Mass of lepton
Lrep = ge(Loer + €ro'L)

_ gev

V2

Je

(érer + €rer) + /3

(erer + €érer)H

- MmMe _
= meee + —eeH
v

Mass of quark

ur Must have mass, thus we need another Higgs
doublet, ¢. which is isospin conjugate of ¢

— e—i7rT2/2 o _7:7_2 * i _§b0* ) i ( ’U‘I‘H(ZE) )
" == (F )T

Lo = 94Qrpdr + 9uQrocur + gadrd' QL + 9uurd!Qr

94

Y

(v + H)(dpdg + drdr) + %(v + H) (dpug + drur)

=974 + g—dQJdH + 2%+ Ll

V2 V2 V2 V2

my, —

= mydd + %Jdlf + m,uu + TUUH



2-5 Summary of SM and Higgs

1 1
K'SM — LFerm + LHiggs + 'CLep + LQ - ZW/UJWMV - ZB/UJBMV
Scenario toward Higgs

To guarantee the gauge invariance, the covariant deriva-
tives must be defined which contains gauge bosons
consequently.

We constructed Lagrangians for the SM fermions re-
quiring the gauge invariance.

The mass-less fermion Lagrangian can fit the physical
particles, if theoretical fields are interpreted correctly.

However, if one adds masses to physical particles by
hand, it breaks the gauge invariance.

We need a gauge invariant potential so that it can
give masses to fermions and gauge bosons by breaking
symmetry. That is Higgs!!l.

What SM can not predict
The number of generations
Coupling strength
Masses of fermions

Mass of Higgs



3. Properties of SM Higgs

3-1 Decay of SM Higgs

Points !!!
gf = g2
= oMy

My

3
I_WWorZZ X MH

2273

For low mass region My < 130 GeV
H — bb,cc, 77T
H — gg
H — vy
H — Z~v
For high mass region My > 130 GeV
H—-WW
H— ZZ

H — tt
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3-2 Production of SM Higgs

At eTe~ colliders

ete- =5 (Z) = Z+H

ete s ve(WW) v+ H
ete” sete (Z2) wete  + H
ete” = (v,2) > tt+ H

At pp colliders

99 — H

WW/ZZ — H

qq —W/Z + H

99,99 — tt + H
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3-3 Mass bound on SM Higgs

V(¢) = p?plo + A(pT9)?

v=1/—p?/\, <O

e Upper bound can be constrained by requiring that per-
turbative theory is valid up to the GUT scale.

e Lower bound can be determined by requiring A > 0 up
to the GUT scale which corresponds to the require-

ment of vacuum stability.
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If 160 < My < 170 GeV, the perturbative treatment
is valid up to GUT scale, A ~ 1019GeV.




